Abstract. Erlotinib is a first-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) approved in the first-line treatment of advanced non-small-cell lung cancer (NSCLC) patients with sensitizing epidermal growth factor receptor (EGFR) mutations. The response rate to erlotinib is ~60% and the incidence of erlotinib-induced interstitial lung disease (ILD) is ~1-4%. The Response Evaluation Criteria in Solid Tumours (RECIST) tool is commonly used to assess response to erlotinib; however, evaluation of response and subsequent progression in the presence of atypical cystic lung changes may be challenging. We herein present a rare case of diffuse cystic lung changes secondary to erlotinib treatment in a patient with EGFR mutation-positive metastatic NSCLC. Challenges in assessing atypical tumour response to erlotinib, pitfalls in using RECIST and differential diagnosis of TKI-related ILD are discussed in detail.
Introduction
Lung cancer is the most common cause of cancer-related mortality worldwide, responsible for nearly 1.59 million deaths in 2012 (1) . Over the last decade, molecular translational research advances have led to the identification of genetic alterations, such as epidermal growth factor receptor (EGFR) mutations, leading to pathway-directed systemic therapy (2) . Erlotinib is an EGFR tyrosine kinase inhibitor (TKI) that potently inhibits the intracellular phosphorylation of EGFR, resulting in cell stasis and apoptosis. For NSCLC patients with sensitizing EGFR mutations, such as exon 19 deletion or exon 21 point mutation, treatment with erlotinib has achieved improvements in response rate and progression-free survival when compared to chemotherapy in several randomized controlled trials, and is currently a recommended treatment option (3) .
The Response Evaluation Criteria in Solid Tumours (RECIST) tool is typically used for assessment of treatment response to TKIs. The aim of the present study was to report an interesting case of a patient with metastatic NSCLC who developed extensive cystic lung changes following treatment with erlotinib, and discuss the dilemma in assessing atypical tumour response to TKI against the possibility of TKI-related interstitial lung disease (ILD).
Case report
A 57-year-old female patient presented with a 6-month history of productive cough and breathlessness on moderate exertion. The patient's past medical history included hypertension, irritable bowel syndrome and treated brucellosis 18 months prior to presentation. She was a lifelong non-smoker and the family history was unremarkable. The patient's World Health Organisation performance status score was 1. Clinical examination revealed bronchial breathing over the right lung. Sputum culture and polymerase chain reaction assay ruled out the possibility of tuberculosis or other infections. Serology for brucella antibodies was negative. A computed tomography (CT) scan revealed diffuse right lung consolidation, mediastinal lymphadenopathy, bilateral lung nodules and multiple sclerotic bone metastases. Bronchoscopy-guided biopsy from the right lung revealed invasive adenocarcinoma with positive staining for thyroid transcription factor-1, cytokeratin 7 and napsin A, consistent with primary lung adenocarcinoma.
The patient received palliative chemotherapy with carboplatin area under the curve 5 and pemetrexed 500 mg/m 2 intravenously every 21 days after receiving vitamin B12 and folic acid pre-medication. A follow-up CT scan after 3 cycles of chemotherapy revealed disease progression, with an increase in the size and number of bilateral lung metastases ( Fig. 1 ). Molecular testing results subsequently revealed the presence of EGFR exon 19 deletion and the treatment was switched to erlotinib 150 mg once daily. A CT scan after 3 months of erlotinib treatment revealed extensive cystic changes in both lungs, replacing the previously seen widespread metastatic lung nodules ( Fig. 2A) . Clinically, the patient did not complain of either cough or breathlessness, and on examination there was evidence of diffuse reduction in bilateral lung air entry. Differential diagnosis of the CT changes included either erlotinib-associated ILD or atypical treatment response to erlotinib. Initial investigations were aimed at ruling out other pulmonary diseases that could mimic the clinical presentation. Pulmonary function tests (PFTs) revealed moderate obstruction with no bronchodilator effect. The predicted forced expiratory volume in 1 sec was 69.4% and the predicted forced vital capacity was 80.2%. Taking into consideration the diffuse cystic lung changes, transbronchial biopsy was not attempted due to the risk of pneumothorax. Pleural tap was performed, which ruled out the possibility of chylothorax. The pleural fluid lactate dehydrogenase (LDH) (147 U/l)/serum LDH (202 U/l) ratio was 0.72, and the pleural fluid protein (44 g/l)/serum protein (63 g/l) ratio was 0.69, suggesting the fluid to be an exudate. Culture of the pleural fluid failed to grow any organisms. Follow-up CT scans after 10 months (Fig. 2B ) and 20 months (Fig. 2C ) of erlotinib treatment revealed progressive worsening of the cystic lung changes. Fluorine-18 fluorodeoxyglucose positron emission tomography (PET)-CT performed 12 months after commencement of erlotinib treatment revealed no metabolic activity in the diffuse bilateral cystic lung changes, making ILD or disease progression less likely (Fig. 3) . Four months later, the patient was commenced on monthly zoledronic acid infusions in addition to erlotinib. Follow-up serial PFTs revealed no deterioration 12 months after commencement of erlotinib. Despite progressively worsening extensive bilateral cystic lung changes on erlotinib, response to treatment is considered to be the most likely explanation, given the symptomatic improvement, stable PFTs and lack of PET avidity in the cystic changes. The patient also developed erlotinib-related grade 2 acneiform skin rash, for which she received a 3-month course of doxycycline with good symptom relief. The patient has been on erlotinib treatment for 22 months and it was decided to continue with this treatment until the development of radiological disease progression or worsening of the respiratory symptoms. The last follow-up appointment with the patient was conducted on 21st March 2018.
Discussion
Cystic lung changes secondary to erlotinib treatment have only been previously described in a single case report. Sakhri et al (4) reported the case of a 35-year-old woman with metastatic lung adenocarcinoma who developed acute respiratory distress syndrome secondary to bilateral spontaneous pneumothorax and pulmonary cystic changes after 2 months of erlotinib treatment. In comparison, our patient has a prolonged duration of response to erlotinib, despite exhibiting significantly more extensive bilateral cystic lung changes. Gefitinib, another first-generation EGFR-TKI, has also been reported to cause pulmonary cystic changes (5). Therefore, it is plausible that cystic transformation of NSCLC metastases may be a class effect of EGFR-TKIs. It has been hypothesized that the anti-angiogenic effects of TKIs, or possibly tumour lysis of metastatic deposits, may lead to cavitation or cystic transformation of metastatic deposits. The effect of EGFR inhibition on type 2 pneumocytes has also been proposed as a cause for the cystic lung changes. EGFR is highly expressed on human alveolar epithelial type II pneumocytes, participating in the repair of alveolar walls (6) . EGFR-TKIs may hinder the repair of alveolar damage, leading to lack of regeneration of lung parenchyma and, consequently, cystic lung changes (7) .
Intriguingly, pulmonary adverse events, including ILD, have been described in erlotinib-treated NSCLC patients. In the pivotal BR 21 study in patients with NSCLC, the incidence of ILD was 0.8% in both the placebo and erlotinib groups (8) . However, in the phase 4 POLARSTAR study evaluating the safety and efficacy of erlotinib in 9,909 Japanese patients with advanced NSCLC, the incidence of ILD was 4.3% (9) . A multivariate analysis identified the following baseline risk factors associated with the development of ILD in erlotinib-treated patients: Pre-existing/concurrent ILD, chronic obstructive pulmonary disease or emphysema, lung infection, pre-existing pulmonary fibrosis, limited residual normal lung, smoking history, poor performance status, and <360 days from cancer diagnosis to the initiation of erlotinib. The typical CT findings in erlotinib-induced ILD include extensive bilateral ground glass attenuation and alveolar air space densities (10, 11) . Distinguishing between erlotinib-related cystic lung changes and erlotinib-associated lung toxicity may be challenging, particularly if the patient develops respiratory symptoms.
RECIST entails unidimensional anatomical assessment of tumour burden and is a widely-used tool for assessment of tumour response in clinical trials (12) . However, as it was originally designed to assess cytotoxic chemotherapy response, RECIST may not capture all the patterns of response and progression observed with TKIs. It is well recognised that, for gastrointestinal stromal tumours treated with the TKI imatinib, decrease in tumour attenuation on CT is more likely to represent a response to treatment rather than reduction in tumour dimensions (13) . Several new response criteria have been proposed to capture the diverse nature of responses observed with TKIs, but these are yet to be prospectively validated (14) .
In our patient, a time of <360 days from diagnosis to erlotinib treatment appears to be the only risk factor for erlotinib-induced ILD. The clinical and radiological findings are more in keeping with treatment response rather than erlotinib-induced ILD. Continuation of erlotinib in this patient could risk progressive worsening of the cystic lung changes with the consequent risk of respiratory failure. Cessation of erlotinib treatment may halt the worsening of the cystic lung changes, but is unlikely to lead to a reversal of these changes, whereas it would be associated with a significant risk of disease progression. As the patient had prior disease progression on chemotherapy and is currently clinically stable on erlotinib, the risk-benefit ratio would be in favour of continued treatment with erlotinib. If the patient develops any deterioration of her respiratory symptoms, switching to a second-generation TKI, such as afatinib, will be considered.
Cystic transformation of lung metastases may represent a class effect of EGFR-TKIs in a selected subset of patients. Evaluation of response and subsequent progression in the presence of cystic lung changes may be challenging. There is a clear need for the development of more standardized and reproducible methods of tumour response assessment for EGFR-TKIs, potentially accounting for the functional changes and cystic transformation of metastases. Erlotinib-induced ILD is a well-recognised adverse event and must be considered in the differential diagnosis of atypical lung imaging after drug initiation.
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